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(54) Sub-surface marking 

(57) A method and apparatus are described for providing a body of material (14) with sub-surface mark In the form of an 
area of increased opacity to electromagnetic radiation. The method comprises directing at a surface of the body (14) a high 
energy density beam (1 2. 26) to which the material (14) Is transparent and bringing the beam (12, 26) to a focus at a 
location spaced from the surface and within the body (14) so as to cause localised lonlsatton of the material (14). In a 
prefered embodiment the apparatus includes a laser (10) as a high energy density beam source and provides means (36, 
38) to move the focus of the beam (1 2, 26) relative to the body (1 4) so as to enable the mark to be of a predetermined 
shape. 
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f CTTB.fiTTPPAgE MARKING 



The present invention relates to a method and 
apparatus for providing a body of material with a 
sub-surface mark using a high energy density beam and 
additionally relates to a body marked in accordance with 
the said method or by use of the said apparatus. 

Many products are packaged in transparent containers 
of glass or plastics and there has been a desire for many 
years to provide containers of this type with a method of 
marking such that once a mark has been applied it cannot 
be removed. Such a method of marking would have obvious 
anti-counterfeiting applications but would also allow for 
the application of a code specific to each container and 
so facilitate product tracking. 

It is known for some manufacturers of, for example, 
the more expensive fragrances, to restrict the number and 
quality of the retail outlets which they authorise to sell 
their product. As a result, other outlets who desire to 
retail the same product must do so by utilising illegit- 
imate sources of supply. It is in the manufacturer's 
interests to curtail any unauthorised transfer of goods 
which cannot only be damaging to their reputation but can 
also greatly enhance the activities of counterfeiters who 
are not hindered by the restrictions placed upon 
registered vendors. 

A current system of product tracking employs a method 
of covertly encouing each container with the identity of 
the scheduled retailer prior to shipment. However, once 
the retailer is aware of the presence of the mark, it has 
only to be removed to circumvent the system. If it were 



possible to provide each container with a truly indelible 
identification, possibly in the form of a machine read- 
able code such as a bar code, the system would not be so 
easily overcome and would no longer depend on the covert 
nature of the mark. Thus a bar code could be openly 
applied to the container and, if desired, to its closure 
thereby linking the two uniquely. As the filled container 
progresses to the packing stage, the bar code could be 
read and copied to subsequent packaging materials by means 
of a printing, inscribing, engraving or similar process 
until both the product and packaging are ready for onward 
shipment. At this point it would be customary for the 
shipping destination to be marked on the pack but if the 
proposed identification code were machine readable, it 
could be read at the point at which the identity of the 
retailer is marked on the pack and the two correlated by a 
simple software package. In this way, no matter what is 
done to the outer packaging, the unique relationship 
between the product and its intended retailer could still 
be established from the indelible markings on the 
container itself. 

In the past in order to produce an indelible mark, 
manufacturers have relied almost exclusively on surface 
marking. However, the problem with this type of marking 
is that it may either be destroyed by removing that part 
of the surface on which the mark is applied or imitated by 
the application of an identical mark on a substitute 
container. In contrast it is an object of the present 
invention to provide a method of sub-surface marking using 
a high energy density beam in which the mark is spaced 
from the surface of the body concerned. Such a mark has 
the advantage of not only being able to withstand any sub- 
sequent surface treatment but is also very difficult to 
imitate. 



It is known to mark containers using laser radiation 
but the marks produced often take the form of an engraving 
or a detectable colour change at a particular surface. 
For example, U.S. Patent No. 4,758,703 describes a method 
of covertly encoding a microscopically visible pattern on 
a surface of an object in which a beam of unfocused laser 
radiation is passed through a mask to produce the desired 
pattern, the intensity of the laser beam being carefully 
controlled so that the pattern is barely etched onto the 
surface and remains invisible to the naked eye. U.S. 
Patent No. 4,769,310 on the other hand describes a method 
of marking ceramic materials, glazes, glass ceramics and 
glasses that contain at least one radiation-sensitive 
additive in which a laser beam is focused on to the 
surface of the material to be marked so as to induce a 
colour change within the irradiated area. 

In contrast, U.S. Patent No. 3,657,085 describes a 
method of sub-surface marking using an electron beam but 
also mentions the possibility of using a laser beam as an 
alternative. The object of the U.S. patent is to provide 
a method of marking an article such as a spectacle lens 
with an identification mark which is normally invisible 
but which can be rendered visible when required. To this 
end, the electron or laser beam is focused onto a mask 
placed over the spectacle lens so that the beam passing 
through the cut out portions of the mask impinges upon the 
material of the spectacle lens. The beam is scattered by 
collisions with the molecules of the material that makes 
up the lens with the result that the kinetic energy of the 
beam is absorbed as heat producing permanent stress 
patterns within the lens. The stress patterns are 
invisible to the naked eye but may be rendered visible by 
double refraction in polarised light. 



According to a first aspect of the present invention, 
there is provided a method of providing a body of material 
with a sub-surface mark comprising the steps of directing 
at a surface of the body a high energy density beam to 
which the material is transparent and bringing the beam to 
a focus at a location spaced from the surface and within 
the body so as to cause localised ionisation of the 
material and the creation of a mark in the form of an area 
of increased opacity to electromagnetic radiation 
substantially without any detectable change at the surface. 

Por the avoidance of doubt, the term transparent as 
used herein with reference to a material refers to a 
material in which the high energy density beam can 
penetrate at least to the depth of the desired mark and as 
such includes translucent materials and materials such as 
coloured or smoked glass in which the transmission charac- 
teristic to electromagnetic radiation at wavelengths in 
the visible region has been reduced but not eliminated. 
The term transparent also includes materials which are 
opaque to electromagnetic radiation at wavelengths in the 
visible region but which are at least capable of 
transmitting electromagnetic radiation at wavelengths 
within the same region of the electromagnetic spectrum as 
that of the high energy density beam. 

In a preferred embodiment, the body of material is 
transparent to electromagnetic radiation at wavelengths 
within the visible region thereby rendering the mark 
visible to the naked eye. For example, the material may 
be of glass or plastics. In an alternative embodiment, 
the material is opaque to electromagnetic radiation at 
wavelengths in the visible region so that the mark is 
hidden to the naked eye but may be "seen" by optical 
instruments operating at an appropriate wavelength within 



the electromagnetic spectrum such as that of the high 
energy density beam. While such a mark does not possess 
the deterrent effect of its visible counterpart, it does 
represent a truly indelible covert mark. 

In either of the foregoing embodiments the focus of 
the beam may be movable relative to the body to be marked 
so as to enable the mark to be of a predetermined shape. 
For example, the mark may be three dimensional and/or 
comprise one or more numerals, letters or symbols or a 
combination thereof which in turn may represent an 
identification, a trade mark, a machine readable code or 
any other desired indicium. 

According to a second aspect of the present 
invention, there is provided an apparatus for providing a 
body of material with a sub-surface mark comprising means 
for creating a high energy density beam to which the 
material is transparent and means for bringing the beam to 
a focus at a location within the body and spaced from a 
surface thereof so as to cause localised ionisation of the 
material and the creation of a mark in the form of an area 
of increased opacity to electromagnetic radiation 
substantially without any detectable change at the surface. 

Whilst it will be appreciated that the high energy 
density beam may be a focusable particle beam, such as an 
electron beam, having sufficient energy to cause localised 
ionisation within the body of the material, in a preferred 
embodiment the means for creating the high energy density 
beam is a laser. 

The possible types of interaction between laser 
radiation and a body of material may be categorised under 
three headings dependant upon the power density of the 



laser radiation concerned. In order of increasing power 
density these headings are as follows : 



(1) Photochemical interactions including 
photoinduction or photoactivation ; 

(2) Thermal interactions in which the incident 
radiation is absorbed as heat ; and 

(3) ionising interactions which involve the 
non-thermal photodecomposition of the irradiated 
material . 

The difference between the thresholds of these three 
interactions is clearly demonstrated by comparing the 
typical power density of 10-' W/cm a required to produce 
a photochemical interaction with the power density of 
10" W/cm 2 typical of ionisation interactions such as 
photoablation and photodisruption. 

For localised ionisation of the material to take 
place, the beam must possess sufficient energy to cleave 
molecular bonds and create a plasma at the point of 
focus. Once the beam has been removed, the plasma cools 
to form a localised zone of damage or disruption which 
scatters any electromagnetic radiation that is incident 
upon it with the result that the zone appears as an area 
of increased opacity. 

At present, the only commercially available lasers 
capable of inducing ionisation interactions are pulsed 
lasers naving a peak energy that, when focused, is 
sufficient to create a plasma within the material 
concerned. In a preferred embodiment of the present 



invention the power density of the laser at the focus is 
at least 10 T W/cm 2 and the pulse duration no more than 
10-« seconds so that the energy density of each pulse is 
at least 10 J/cm 2 and sufficient to induce localised 
ionisation of the material at the focus of the beam. 

If the body of material to be marked is transparent 
to electromagnetic radiation at wavelengths within the 
visible region then the means for creating the required 
high energy density beam is preferably a Nd-YAG 
(neodymium-doped yttrium aluminium garnet) laser operating 
at a wavelength of 1,06 im. 

Advantageously, means may be provided to move the 
focus of the beam relative to the body and in particular 
the means may comprise at least one movable mirror 
disposed in the path of the beam. The movement of the 
mirror may be controlled by a computer program enabling 
the final shape of the mark to be easily manipulated while 
the movable mirror itself may comprise a galvanometer 
mirror. Whilst it is recognised that any suitable means 
may be provided to move the mirror, such as a servo motor 
or manual joystick, the properties of a galvanometer 
mirror provide a speed of response and an ease of control 
that represent a significant advantage over alternative 
control means. 

In another embodiment, the means for bringing the 
beam to a focus may include a lens element of variable 
focal length either in the form of a correcting lens that 
focuses the beam at the same depth within the body 
irrespective of any curvature of the surface thereof or in 
the form of a zoom lens so that marks may be made at 
different depths within the body and so allow for the 
creation of three dimensional marks. 



In yet a further embodiment a secondary source of 
visible laser radiation may be provided to facilitate the 
alignment of the high energy density beam. 

According to a third aspect of the present invention, 
there is provided a marked body of material in which the 
mark comprises an internal zone of damage spaced from a 
surface of the body as a result of localised ionisation. 

In a preferred embodiment the body of material is 
transparent to electromagnetic radiation at wavelengths 
within the visible region thereby rendering the mark 
visible to the naked eye. For example, the material may 
be of glass or plastics. In an alternative embodiment 
however , the body of material is opaque to electromagnetic 
radiation at wavelengths within the visible region so that 
the mark is hidden to the naked eye but may be "seen" by 
optical instruments operating at an appropriate wavelength 
within the electromagnetic spectrum* 

The mark may be three dimensional and/or comprise one 
or more numerals , letters or symbols or a combination 
thereof while advantageously, the body of material may 
comprise a container. 

An embodiment of the present invention will now be 
described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic diagram of an apparatus in 
accordance with the second aspect of the present 
invention, and 

Figure 2 is a schematic diagram of the way in which 
electrical power is distributed throughout the apparatus 
of Figure 1. 



As can be seen from Figure 1, a source 10 produces a 
beam of laser radiation 12 which is directed so as to 
impinge upon a body of material 14 which, in the present 
example, is in the form of a bottle. Since the eventual 
sub-surface mark is intended to be visible to the naked 
eye, the bottle 14 is chosen to be of a material such as 
glass or plastics that it transparent to electromagnetic 
radiation within the visible region of the electromagnetic 
spectrum. Furthermore, the source 10 is selected in such a 
way that the material of the bottle 14 is similarly 
transparent to the beam of laser radiation 12 that it 
produces . 

In the apparatus shown, the source 10 comprises a 
high energy density, pulsed Nd-YAG (neodymium-doped 
yttrium aluminium garnet) laser that emits a pulsed beam 
of laser radiation 12 with a wavelength of 1.06 pm that 
is consequently invisible to the naked eye. Once emitted 
from the Nd-YAG laser 10 the pulsed beam 12 is incident 
upon a first reflecting surface 16 that directs the beam 
12 through a beam expander 18 and a beam combiner 20 to a 
second reflecting surface 22. A second source of laser 
radiation, in the form of a low power He-Ne (Helium-Neon) 
laser 24, is disposed adjacent to the Nd-YAG laser 10 and 
emits a secondary beam of visible laser radiation 26 with 
a wavelength of 638nm. The secondary beam 26 impinges 
upon the beam combiner 20 where it is reflected toward the 
second reflector surface 22 coincident with the pulsed 
beam of laser radiation 12 from the Nd-YAG laser 10. Thus 
the necessary properties of the beam combiner 20 are that 
it should transmit electromagnatic radiation with a 
wavelength of 1.06 jim wnilst reflecting electromagnetic 
radiation with a wavelength of 638nm. In this way the 
He-Ne laser beam 26 provides the combined He-Ne/Nd-YAG 
beaia 12, 26 with a visible component that facilitates 
optical alignment. 
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Having been combined, the two coincident beams 12, 26 
are reflected at the second reflecting surface 22 toward a 
third reflecting surface 28 and from the third reflecting 
surface 28 are further reflected toward a fourth 
reflecting surface 30. From the fourth reflecting surface 
30 the combined beam 12, 26 is reflected yet again toward 
a head unit 32 from whence the combined beam 12, 26 is 
finally directed toward the bottle 14. In order to 
facilitate marking at different heights from the base of 
the bottle 14, the third and fourth reflecting surfaces 28 
and 30 are integrally mounted, together with the head unit 
32, so as to be adjustable in a vertical plane under the 
action of a stepping motor 34 (not shown) . 

Within the head unit 32 the combined He-Ne/Nd-YAG 
beam 12, 26 is sequentially incident upon two movable 
mirrors 36 and 38. The first of the two mirrors 36 is 
disposed so as to be inclined to the combined beam 12, 26 
that is incident upon it as a result of reflection from 
the fourth reflecting surface 30 and is movable in such a 
way as to cause the beam reflected therefrom to move in a 
vertical plane. The second of the two mirrors 38 is 
similarly inclined, this time to the beam 12, 26 that is 
incident upon it as a result of reflection from the first 
mirror 36, and is movable in such a way as to cause a 
reflected beam 12, 26 to move in a horizontal plane. 
Consequently it will be apparent to those skilled in the 
* art that the beam 12, 26 emerging from the head unit 32 

may be moved in any desired direction by the simultaneous 
movement of the first and second mirrors 36 and 38. In 
order to facilitate this movement the two movable mirrors 
36 and 38 are mounted on respective first and second 
galvanometers 40 and 42. Whilst it is recognised that any 
suitable means may be provided to control the movement of 
the two mirrors 36 and 38, such as the use of individual 
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servo motors or a manual joystick, the approach adopted 
combines a speed of response with an ease of control that 
represents a significant advantage over alternative 
control means. 

Emerging from the head unit 32, the combined beam 12 , 
26 is focused by passing through a lens assembly 44 which 
may include one or more lens elements. A first lens 
element 46 brings the beam 12, 26 to a focus at a chosen 
point spaced from the surface of the bottle 14 within the 
thickness of the glass or plastics material from which the 
bottle 14 is made. As is well known, the maximum power 
density of the beam 12, 26 is inversely proportional to 
the square of the radius of the beam 12, 26 at its focus 
which in turn is inversely proportional to the radius of 
the beam 12, 26 that is incident upon the focusing lens 
46. Thus for a beam 12, 26 of electromagnetic radiation 
of wavelength X and radius R that is incident upon a lens 
of focal length f , the power density at the focus E, is to 
a first approximation, given by the expression 

E « PR 3 

— w/m* 

X 2f2 

where P is the power produced by the laser. From this 
expression the value and purpose of the beam expander 18 
is readily apparent since increasing the radius of the 
beam R serves to increase the power density E of the 
focus. In addition, the lens element 46 is typically a 
short focal length lens having a focal length in the range 
between 20mm and 100mm so that typical power densities at 
the focus of the beam 12, 26 are in excess of 
10 7 W/cm 2 # If the pulse duration of the Nd-YAG laser 
10 is maintained at no more 10- fl seconds then this power 
density equates to an energy density of at least 10 J/cm a . 
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At energy densities of this order localised ionisation 
occurs within the glass or plastics material at the focus 
of the incident beam 12, 26 resulting in the creation of a 
zone of damage which scatters any electromagnetic 
radiation that is incident upon it with the result that 
the zone appears as a mark in the form of an area of 
increased opacity substantially without causing any 
detectable change at the surface of the bottle 14. By 
moving the focus of the beam 12, 26 using the mirrors 36 
and 38 the mark may be made to a predetermined shape and 
in particular, may be made to comprise one or more 
numerals, letters or symbols or a combination thereof 
which in turn may represent an identification, a trade 
mark, a machine readable code or any other desired 
indicium. 

A second lens element 48 may be placed in series with 
the focusing lens element 46 in order to compensate for 
any curvature of the surface of the bottle 14. It will be 
recognised that such a correcting lens will not be 
required if the body to be marked 14 presents a 
substantially planar surface to the incident beam and -the 
need for such an element may be negated altogether if the 
first element 46 is of variable focal length and 
comprises, for example, a flat field lens. However, it is 
to be noted that this use of one or more optical elements 
is a particularly simple and elegant way of ensuring that 
a mark is made at a constant depth within the body 14 
irrespective of any curvature of its surface. 

If the thickness of the body to be marked 14 allows, 
a third lens element 50 in the form of a zoom lens may 
also be included in the lens assembly 44 and thereby 
facilitate the creation of three dimensional marks within 
the material of the body 14. 
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In the interest of safety, the two lasers 10 and 24 
and their respective beams 12 and 26 are enclosed within a 
safety chamber 52 as shown in Figure 2 with the combined 
beam 12 , 26 emerging from the safety chamber 52 only after 
passing through the lens assembly 44. Access to the two 
lasers 10 and 24 and the various optical elements disposed 
in the path of the respective beams 12, 26 is gained by 
means of a door panel 54 which is fitted with an interlock 
56 that prevents the operation of the pulsed Nd-YAG laser 
10 while the door panel 54 is open. It is to be noted 
that the He-Ne laser 24 need not necessarily be fitted 
with an interlock in the same way since it only operates 
at a very low power and does not represent a significant 
danger to a skilled operator. The power of the combined 
beam 12 , 26 is in fact so overwhelming due to the pulsed 
Nd-YAG laser 10 that once the He-Ne laser 24 has been used 
to align the necessary optical elements it may be switched 
off prior to the marking of the body 14. 

A single phase electrical mains supply of 240 volts 
is fed via the door panel interlock 56 to a mains 
distribution unit 58 that is disposed below, and isolated 
from, the safety chamber 52 in order to prevent any 
electrical effects interfering with the operation of the 
lasers 10 and 24. From the distribution unit 58 mains 
electrical power is provided to the pulsed Nd-YAG laser 10 
and the He-Ne laser 24 as well as to a chiller unit 60 
that serves to cool the pulsed Nd-YAG laser 10. In 
addition, mains electrical power is also supplied to the 
stepping motor 34 and to a computer 62. Three AC/DC 
converters and associated voltage regulators provide 
regulated DC voltage supplies of 9v, 12 v and 15v that are 
fed respectively to the He-Ne laser 24 to facilitate the 
pumping mechanism, to a further interlock 64 that prevents 
premature firing of the pulsed Nd-YAG laser 10, and to the 



head unit 32 and in particular to the first and second 
galvanometers 40 and 42 to produce a predetermined 
movement of the first and second mirrors 36 and 38. 

In order to produce a mark of a desired shape within the 
body 14 the 15v DC supply is modulated by means of the 
computer 62 so as to produce a series of movements of the 
first and second galvanometer mirrors 36 and 38 in 
accordance with a predetermined computer program. Since 
the movement of the two mirrors 36 and 38 controls the 
position of the focus, by coordinating the pulsing of the 
Nd-YAG laser with the movement of the two mirrors 36 and 
38 an area of localised ionisation can be produced to the 
desired shape. The computer 62 may also be used to 
control the zoom lens 50, if such is provided, enabling 
the mark to become three dimensional as the beam 12, 26 is 
focused at different depths within the body of the 
material 14. 
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1. • A method of providing a body of material with a 
sub-surface mark comprising the steps of directing at a 
surface of the body a high energy density beam to which 
the material is transparent and bringing the beam to a 
focus at a location spaced from the surface and within the 
body so as to cause localised ionisation of the material 
and the creation of a mark in the form of an area of 
increased opacity to electromagnetic radiation 
substantially without any detectable change at the surface. 

2. A method in accordance with Claim 1, wherein the body 
of material is transparent to electromagnetic radiation at 
wavelengths within the visible region. 

3. A method in accordance with Claim 1, wherein the body 
of material is opaque to electromagnetic radiation at 
wavelengths within the visible region such that the mark 
may only be seen by optical instruments operating at an 
appropriate wavelength within the electromagnetic spectrum. 

4. A method in accordance with any preceding claim, 
wherein the focus of the beam is movable relative to the 
body to be marked so as to enable the mark to be of a 
predetermined shape. 

5. A method in accordance with Claim 4, wherein the mark 
is three dimensional. 

6. A method in accordance with Claim 4 or Claim 5, 
wherein the mark comprises one or more numerals, letters 
or symbols, or a combination thereof. 
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7. An apparatus for providing a body of material with a 
sub-surface mark comprising means for creating a high 
energy density beam to which the material is transparent 
and means for bringing the beam to a focus at a location 
within the body and spaced from a surface thereof so as to 
cause localised ionisation of the material and the 
creation of a mark in the form of an area of increased 
opacity to electromagnetic radiation substantially without 
amy detectable change at the surface. 

8. An apparatus in accordance with Claim 7, wherein the 
high energy density beam is a focusable particle beam. 

9. An apparatus in accordance with Claim 7, wherein the 
means for creating a high energy density beam is a laser. 

10. An apparatus in accordance with Claim 9, wherein the 
laser has a peak energy density at the focus of at least 
10 J/cm a . 

11. An apparatus in accordance with Claim 9 or Claim 10, 
wherein the laser has a power density at the focus of at 
least 10 T W/cm a and is pulsed with a pulse duration of 
less than 10-" seconds. 

12. An apparatus in accordance with any of Claims 9 to 

11, wherein the laser is a Nd-YAG laser. 

13. An apparatus in accordance with any of Claims 9 to 

12, wherein means are provided to move the focus of the 
beam relative to the body so as to enable the mark to be 
of a predetermined shape. 

14. An apparatus in accordance with Claim 13, wherein the 
means to move the focus of the beam includes at least one 
movable mirror disposed in the path of the beam. 
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15. An apparatus in accordance with claim 14, wherein the 
movement of the said at least one movable mirror is 
controlled by a computer program. 

16. An apparatus in accordance with Claim 14 or Claim 15 , 
wherein the said at least one movable mirror is a 
galvanometer mirror. 

17. An apparatus in accordance with any of Claims 9 to 

16, wherein the means for bringing the beam to a focus 
includes a lens element of variable focal length. 

18. An apparatus in accordance with any of Claims 9 to 

17, wherein there is further provided a secondary source 
of visible laser radiation to facilitate alignment of the 
high energy density beam. 

19. A marked body of material in which the mark comprises 
an internal zone of damage spaced from a surface of the 
body as a result of localised ionisation. 

20. A marked body of material in accordance with Claim 

19, wherein the body of material is transparent to 
electromagnetic radiation at wavelengths within the 
visible region. 

21. A marked body of material in accordance with Claim 

20, wherein the body of material is of glass or plastics. 

22. A marked body of material in accordance with Claim 
19, wherein the body of material is opaque to 
electromagnetic radiation aL wavelengths within the 
visible region such that the mark may only be seen by 
optical instruments operating at an appropriate wavelength 
within the electromagnetic spectrum. 
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23. A marked body of material in accordance with any of 
Claims 19 to 22, wherein the mark is three dimensional. 

24. A marked body of material in accordance with any of 
Claims 19 to 23 , wherein the mark comprises one or more 
numerals, letters or symbols, or a combination thereof. 

25. A marked body of material in accordance with any of 
Claims 19 to 24, wherein the body of material is a container. 

26. A method of providing a body of material with a 
sub-surface mark substantially as herein described with 
reference to the accompanying drawings. 

27. An apparatus for providing a body of material with a 
sub-surface mark substantially as herein described with 
reference to the accompanying drawings. 

28. A marked body of material substantially as herein 
described with reference to the accompanying drawings. 
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